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[57) ABSTRACT

A quinone derivative useful in the treatment of hepatic
diseases defined by the general formula:

R3 RS
N
R4 CH=C—COR?

!
O

where R1 is selected from the group consisting of alkyl,
alkenly, alkynyl or heterocycle, R2 is a substituted ni-
trogen containing radical wherein the substituents on
said nitrogen are selected from the group consisting of
hydrogen, substituted or unsubstituted lower alkyl or
heterocycles, and where said nitrogen may be a ring

‘heteroatom, and R3, R4 and RS5, may be the same or

different and each are hydrogen, lower alkyl or lower

alkoxy groups.

26 Claims, No Drawings



1
OUINONE DERIVATIVES AND
PHARMACOLOGICAL USE

FIELD OF INDUSTRIAL APPLICATION

The present invention relates to a benzoquinone de-
rivative which exhibits an excellent activity as a medi-
cine. |

More partleularly, the present mventlon is concerned
with a novel benzoquinone derivative useful as a thera-
peutic agent for hepatic diseases.

BACKGROUND OF THE INVENTION AND
PRIOR ART

Since the cause, image and pathophysiology of differ-
ent hepatic diseases are varied and involve numerous
unknown factors, the present status is that it is very

difficult to develop a therapeutic agent for these dis-

eases.

At the present time, representative examples of medi-
cines widely used for treating and preventing hepatic
diseases and which are clinically appreciated include
glycyrrhizin preparations. Although they are beheved
to be effective against hepatic disorder cirrhosis or
hepatitis and for the postoperative protection of the
liver, etc., their efficacy is not so strong and, what 1s
worse, they exhibit steroidal side effects. Further, they
are available in the form of an intravenous injection and
are disadvantageously inactive when orally adr.mms-
tered.
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Accordingly, it has been eagerly desired to develop a '

medicine which is highly safe and will exhibit its effect
even when orally administered.

Under the above-described circumstances, the pres-
ent inventors have started exploratory researches with a

view to developing a therapeutic agent for hepatic dis-

-eases.
As a result, they have found that the benzoquinone

derivative which will be described hereinbelow will
attain the object of the present invention.
Examples of benzoquinone derivatives which exhibit

a pharmaceutical activity include those described in,
e.g., Japanese Patent Laid-Open Nos. 223150/1987,
223150/1987 and 177934/1983.
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The benzoquinone derivative disclosed in the Japa-

nese Patent Laid-Open No. 223150/1987 is different
from the compound (I) of the present invention in
chemical structure and is believed to have an antiasth-
matic activity, thus being different from the compound

50

of the present invention also in its pharmaceutical activ-

ity.

Japanese Patent Laid-Open No. 177934/1983 dis-
closes a benzoquinone derivative which is different
from the compound of the present mvention in both
efficacy and chemical structure.

Japanese Patent Laid-Open No. 185921/1988 dis-
closes a therapeutic agent for hepatic diseases which is
different from the compound of the present invention in
chemical structure.

' DETAILED DESCRIPTION

The present invention relates to a benzoquinone de-
rivative represented by the following general formula
(I) and pharmacologically acceptable salts thereof:

53
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Rl @)

I
A—CH=C—COR?

wherein A is a group represented by the formula:

(wherein R3, R4 and R> may be the same or different
from each other and are each a hydrogen atom, a lower
alkyl group or a lower alkoxy group) or a group repre-

~ sented by the formula:

R3

R“
Y

(wherein R3, R4 and R’ may be the same or different
from each other and are each a hydrogen atom, a lower
alkyl group or a lower alkoxy group, X and Y may be
the same or different from each other are each a hy-
droxyl group, a group represented by the formula
~~OCH:-OR® (wherein n is 0 or 1 and RG is a lower
alkyl group), or an acyl group),

R!is an alkyl group having 2 to 20 carbon atoms, a
cycloalkyl group, a cycloalkylalkyl group, an alkenyl
group, an alkynyl group, an arylalkyl group, a group
represented by the formula --CHy-CN (wherein p 18

an integer of 1 to 10), a hetemarylalky group, a group
represented by the formula <-CHz:A (wherein q is an

integer of 1 to 6), a group resented by the formula

(ﬁ)r
- — R’?

(wherein r is 0 or an integer of 1 to 2and R7 s a lower
alkyl group, a cycloalkyl group or an aryl group), or a
group represented by the formula —O--R!! (wherein
R11is a lower alkyl group or an aryl group), or a group
represented by the formula CH:—CH:—O--CHs
(Wherein s is an integer of 1 to 3),

R2 is a group represented by the formula —ORS?
(wherein R8is a hydrogen atom or a lower alkyl group)
Or a group represented by the formula:

RY

(wherein R% and R10 may be the same or different from
each other and are each a hydrogen atom, a lower alkyl
group, a hydroxyalkyl group or an aromatic heterocy-
clic group, provided that R? and R may combine with
each other to form a ring with a nitrogen atom bonded
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thereto, which may further contain a nitrogen atom
and/or an oxygen atom and be substituted).

The term “lower alkyl group” used in the above-
described definition of R3, R4, R5, R, R7and R8 for the
compound of the present invention is intended to mean 5
a straight-chain or branched alkyl group having 1 to 8
carbon atoms, and examples thereof include methyl,
ethyl, propyl, isopropyl, butyl, 1sobutyl, sec-butyl, tert-
butyl, pentyl (amyl), isopentyl, neopentyl, tert-pentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,2-dime-
thylpropyl, hexyl, isohexyl, 1-methylpentyl, 2-methyl-
pentyl, 3-methylpentyl, 1,1-dimethylbutyl, 1,2-dime-
thylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-
dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethyl-
butyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-
ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl and
octyl groups. Among them, methyl, ethyl, propyl, iso-
propyl groups, etc., are preferable.

The term “lower alkoxy group” used in the definition
of R3, R4 and RS is intended to mean a lower alkoxy
group derived from the above-described lower alkyl
group, such as methoxy, ethoxy and n-propoxy groups.
Among them, a methoxy group 1s most desirable.

Preferred examples of a combination of R3, R4 and
R3include one wherein R is a methyl group and R3 and
R4 are each a methoxy group, one wherein R3, R4 and
RS are each a methoxy group, and one wherein R3is a
methoxy group, R4 is an ethoxy group and R° is a
methyl group.

The term “alkyl group” in the definition of R! is
intended to mean an alkyl group having 2 to 20 carbon
atoms, with an alkyl group having 2 to 12 carbon atoms
being preferred. An alkyl group having 7 to 12 carbon
atoms is most desirable.

The term “cycloalkyl group” is intended to mean,
e.g., a cycloalkyl group having 3 to 6 carbon atoms.

Preferred examples of the cycloalkylalkyl group in-
clude a cycloalkylmethyl group derived from the
above-described cycloalkyl group having 3 to 6 carbon
atoms.

The term “alkenyl group” is intended to mean a
group having one or more double bonds in any portion
of an alkyl group, and preferred examples thereof in-
clude the following groups:

10

13

20

23

30

35

45
H H

| |
+CH937 C=C—CH;CHj3

(i'il-l3 (|:H3
- CH;-CH—CH—CH;—CH;—CH=C—CH;

The term “alkynyl group” is intended to mean a
group having one or more triple bonds in any portion of
an alkyl group, and examples thereof include the fol-

lowing group: 33

¢cCHwC=CH

Representative examples of the arylalkyl group in- 60
clude a benzyl group wherein the phenyl ring may be
substituted by one or more lower alkyl groups such as
methyl and ethyl groups, lower alkoxy groups suchasa
methoxy group, a hydroxyl group, a carboxyl group or
a halogen. 65

Representative examples of the aromatic heteracycli-

- calkyl group include an aromatic heterocyclicmeethyl
group wherein the heterocyclic ring may be substituted

50

4

'by a lower alkyl group such as a methy! group, a lower

alkoxy group such as a methoxy group, a hydroxyl
group or a halogen. Examples of the aromatic heterocy-
clic group include those containing a nitrogen, oxygen
or sulfur atom, such as thiazolyl, pyranyl, thiadiazolyl
and pyndyl groups.

In the group represented by the formula «CH37), CN,
wherein p is an integer of 1 to 10, p is most desirably an
integer of 1 to 4.

In the group represented by the formula -+CH1); B,
wherein q and B are as defined above, q is most desu'-
ably an integer of 1 to 4. In the definition of B, preferred
examples of R7 include methyl, cyclohexyl and phenyl

groups.

When X and Y are each a hydroxyl group, the com-
pound of the present invention is a hydroquinone com-
pound.- |

In the definition of X and Y, R% is most desirably a
methyl group and the acyl group may be derived from
aliphatic, aromatic and heterocyclic compounds, and
preferred examples of the acyl group include lower

- alkanoy! groups such as formyl, acetyl, propionyl, buty-

ryl, valeryl, isovaleryl and pivaloyl, aroyl groups such
as benzoyl, toluoyl and naphthoy! groups, and heteroar-
oyl groups such as furoyl, nicotinoyl and isonicotinoyl
groups. Examples of preferred acyl group include those
derived from lower alkyl groups having 1 to 6 carbon
atoms, i.e., acetyl, propionyl and butanoyl groups.

Examples of the pharmacologically acceptable salts
include salts of benzoquinone derivatives with inor-
ganic acids, such as hydrochloride, hydrobromide, sul-
fate, and phosphate; those with organic acids, such as
acetate, maleate, tartrate, methanesuifonate, benzene-
sulfonate, and toluenesulfonate; and those with amino
acid, such as arginine, aspartic acid, and glutamic acid.

Further, certain compounds of the present invention
are in the form of metallic salts such as Na, K, Ca, or
Mg salts, and these metallic salts as well are within the
scope of the pharmacologically acceptable salts of the
present invention.

Furthermore, as is apparent from, for example, the
chemical structure, the compounds of the present in-
vention each have a double bond, so they may be pres-
ent in the form of stereoisomers (cis and trans isomers).
As a matter of course, these also are within the scope of
the present invention.

Representative processes for preparing the com-
pound of the present invention will now be described.

Preparation process |

X
R3 RS
Rl
I
R4 ~CH=C~COR? 410
Y |

oxidation
reduction
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_ COR?
\L base -

65

5 6
-continued -continued
| Preparation process 1 X
0 | R’ R (1)
R? : RS 5
Rl R4 Rl
N — =
R* CH=C-—COR? (I1D) Y
i | - _ " COR? .
0 10 - - '
o | In the above-described formulae, R], R2, R3, R4, R7, X
" In the above-described formulae (II) and (III), X, Y, Rl,  and Y are each as defined above. |
RZ, R3 and R* are each as defined above. Specifically, an aldehyde derivative represented by
In the above-described reaction formula, both the  the general formula (III) is subjected to the \.Vittig reac-
compounds (II) and (III) are the compounds of the 15 tion (see, e.g., JLA.C.S., 83, 1733 (1961)) with a PhOS-_
present invention. As is apparent from the above- phonate represented by the general formula (IV) in the
described wion f 1a a be : derivat; presence of a base to prepare an intended substance (1I)
escribed reaction formula, a benzoquinone derivative represented by the general formula (I1). .
as the c?mpound '(IH‘) can be prepared by treating a2 Examples of the base used in this reaction include
hydroquinone derivative as the compound (1I) with an ,, alkali metal hydrides such as sodium hydride and potas-
oxidizing agent, while the compound (II) can be pre-  sium hydride and alkali metal alcoholates such as so-
pared by reducing the compound (III). dium methylate, sodium ethylate and tertbutoxypotas-
In order to oxidize the hydroquinone derivative as sium. Preferred examples of the reaction solvent inciude
 the compound (II), fernic chloride hexahydrate or lead b;nzene, tqluene, dlchloromgthane_, tetrahydroful_'an,
e ; 4 ac the oxidizi ¢ Tn this the 2° dioxane, dimethoxyethane and dimethylformamide.
OXide 1s used as the OXICIZIng agent. in thiS €ase, € The reaction temperature is preferably 0° to 100° C.,
oxidizing agent is used in an amount of preferably 3 to more preferably 20° to 80° C.
10 times per molé of the hydroquinone derivative, and _
preferred examples of the solvent include benzene, Preparation process 3_
ethyl acetate, dioxane, ethanol and 1,2-dimethoxye- 30 In the hydroquinone compound regresented by the
thane, each optionally containing water. The reaction is gener?l formulah (II), when j{ ?ni R? are each a hy-
conducted at a temperature of 0° to 80° C., preferably c;ﬁxge g::ugég :]:Oorélp?ﬂ: foﬂo*:vii pre:;:;sgwentlon
20° to 40° C. The reaction time is usually about 1 to 12 PIEP Y g PrOvESS:
hr. . A 33 OCH;0CH;
On the other hand, in order to reduce 2 quinone com- o3 oS
pound into a hydroguinone compound, which is one of ™)
the intended compounds of the present invention, pre-
ferred examples of the reducing agent include sodium 40 R4 R!
borohydride and sodium hydrosulfite. Ethanol, tetrahy- OR1Z
drofuran, ethyl acetate and 1,2-dimethoxyethane, each COORU
optionally containing water, are preferably used as the alkaline saponification
solvent. The reaction temperature is preferably 0° to 40°
C., still preferably 0° to 20° C. 43 OCH,OCH:;
Preparation process 2 V).
The hydroquinone compound (I), i.e., one of the
intended compounds of the present invention can be s
prepared also by the following process.
X \L demethoxymethylation
R3 R’ (1) 55
OH
(VD)
R* CHO
Y
+
O R}
(CzH 0-)5}! Zn V) L o
e \. In the above-described formulae, Rl, R3, R4, RSand Y

are each as defined above and R!! and Ri2 are each a

lower alkyl group. |
Specifically, a compound represented by the general
formula (V) is saponified with an alkali by a conven-
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tional method, and a compound represented by the
general formula (VI) is demethoxymethylated to pre-
pare a compound represented by the general formula

(VII).

- The saponification is conducted by making use of,
e.g., an alcoholic caustic soda or caustic potash com-
monly used in the art. The demethoxymethylation 1s
conducted 1n, e.g., acetone, dioxane, dimethoxyethane
or an aqueous solution thereof in the presence of, e.g.,
mineral acids such as hydrochloric or sulfuric acid, or
organic acids such as p-toluenesulfonic or camphorsul-
fonic acid. The reaction temperature is preferably 20° to

80° C. |

The compound (VII) prepared by this process can be
oxidized, e.g., by the same method as that described
above in connection with the Preparation process 1 to
easily prepare a compound represented by the general
formula (VIII) which is one of the intended compounds
of the present invention. |

OH
R3 R3 (VID
R4 R1
Y
COOH
\l/ oxidation
0
R3 R3 (VIID)
R4 Rl
{ —
O
COOH

In the above-described formulae, R1, R3, R4and Y are
each as defined above. |

The above-described compound (VIII) as one of the
intended compounds can be prepared aiso by oxidizing

the above-described compound represented by the gen-
eral formula (V). |

OCH;0CHj;
R3 RS (Vi)
R4 R1
ORIZ
COORI1!
\L oxidation
(VIID)

Rl

COORI!l

In the above-described formulae, R1, R3, R4, Y, Rlland
R12 are each as defined above.

- In the oxidation, when direct oxidation is conducted
by making use of an oxidizing agent such as ferric chlo-
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8

ride hexahydrate, demethoxymethylation and oxidation
simultaneously proceed, thereby enabling a quinone
compound represented by the general formula (VIII) as
one of the intended substances of the present invention
to be prepared in one step.

Preparation process 4

In the general formula (I), when R4is a group repre-
sented by the formula:

wherein R9 and R10are each as defined above, the com- _
pound of the present invention can be prepared also by
the following process:

RI
I
A—CH=C~-CO0OH {(IX)
R9
/
amidation HN (X)
\RIG
Rl R?
] /
A=—CH=C=~ CON\ (XI)

RIU

In the above-described formulae, A, R1, R® and R10are
each as defined above. |

Specifically, a carboxylic acid or its reactive deriva-
tive represented by the general formula (IX) can be
reacted with an amino compound represented by the
general formula (X) for amidation, thereby preparing a
compound (XI) as one of the intended compounds.

Examples of reactive derivatives of the compound
(IX) include acid halides such as acid chloride and acid
bromide; acid azides; active esters with N-hydroxyben-
zotriazole, N-hydroxysuccinimide, etc.; symmetric acid
anhydrides; and mixed acid anhydrides with alkylcar-
bonic acid, p-toluenesulfonic acid or the like.

When a free carboxylic acid is used as the compound
(IX), the reaction is preferably conducted in the pres-
ence of a condensing agent such as dicyclohexylcarbo-
diimide, 1,1'-carbonyldiimidazole or the like.

The reaction is conducted by making use of the com-
pound (IX) or its reactive denvative and the compound
(X) in such a proportion that they are equimolar or the
number of moles of one of them is slightly larger than
that of the other, in an inert organic solvent, e.g., pyri-

- dine, tetrahydrofuran, dioxane, ether, benzene, toluene,

65

xylene, methylene chloride, dichloroethane, chloro-
form, dimethylformamide, ethyl acetate or acetonitrile.
In the reaction, the addition of a base such as triethyl-
amine, pyridine, picoline, lutidine, N,N-dimethylaniline,
potassium carbonate or sodium hydroxide is often ad-
vantageous for smooth progress of the reaction depend-
ing upon the kind of the reactive derivative.
- The reaction temperature varies depending upon the

kind of the reactive derivative and is not particularly
himited.
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The hydroquinone derivative and the quinone deriva-
~ tive prepared by the Preparation process 4 can be oxi-
dized and reduced by the Preparation process 1 de-
scribed above to respectively prepare the quinone de-
rivative and the hydroquinone derivative.

Specific examples of the case where the intended
substance is a hydroquinone compound, X is a hydroxyl
group and Y is a group represented by the formula
—OR 2 wherein R12is a lower alkyl grouP will now be
described. |

OCH,;0CH3

RS (XII)
R4 Rl
ORIZ |
COOH
mixed acid |
anhydride amidation
method
OCH;0OCHj3
R3 RS (XHD
R4. Rl
—— RS
ORIZ /

‘Process for preparing starting material

(1) In the Preparation process 2, the compound repre-
sented by the general formula (IV) used as the starting
- material can be prepared, e.g., by the following process:

(C2HsO)3P (XVI)

-4~

10

10
-continued
Il
R’—(I':H-C—-Rz (XVII)
X
O R! o
| ;! /
(C2H50)2P—CH\_ XVII)
| COR? |
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In the above-described formulae, R! and R2 are each as
defined above and X is a halogen atom.

Specifically, the starting material can be prepared by
reacting triethylphosphite with an a-halogenated car-
boxylic acid derivative (XV1I). |

When R? is a group represented by the formula
—ORS, wherein R® is as defined above, the starting
material can be prepared also by the following process:

o
(C2H50')7P""CH2COOR3 XIX)
base \L RIX XX)
(_C2H50-}IP—CH\ (XXI)
COORS® .

In the above-described formula, R! and R8 are each as
defined above and X 1s a halogen atom.

Specifically, the starting material can be easily syn-
thesized by alkylating a triethylphosphonoacetic ester
(XIX) with an alkyl halide in the presence of a base (see
). Org. Chem., 30, 2208 (1965)).

In this case, an alkali metal hydride such as sodium
hydride or potassium hydride or an alkali metal alcoho-
late such as sodium methoxide, sodium ethoxide or
tert-butoxypotassium is used as the base. Preferred ex-
amples of the solvent include dimethylformamide, di-
methylacetamide, N-methylpyrrolidone, tetrahydrofu-

ran and 1,2-dimethoxyethane. The reaction temperature

is 20° to 80° C., preferably 40° to 60° C.
(2) In Preparation process 2, the starting material (I1I)
used can be prepared, e.g., by the following process:

| X (XXII)
R3 RS
R4 Hal
Y
1) metalation

ii) formylation
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R140O i
RI130O COOH

J/bromination

65

11 12
-continued -continued
X I1I) OR!3 (XXV1])
R’ R5 R140 Br
| 5 |
R4 CHO Rl40 COOH
Y
| hydrolysis
Specifically, the starting material can be prepared 10
according to a conventional method by a halide repre- OR13 XX VIII)
sented by the general formula (XXII), wherein Ha( 1s Rlo |
chlorine, bromide, iodine or the like, with an anion OH
derived from an alkyl metal and a formylating agent. ,,
Examples of the alkyl metal include butyllithium, sec- R130 COOH
butyllithium and LDA, while those of the formylating
agent include dimethylformamide and N-methylfor- ‘mixed acid | reduction
manilide. Examples of the solvent used in this reaction anhydride
include ether, tetrahydrofuran and dimethoxyethane. 20 _
The reaction temperature is about —80° to 0° C,, prefer- OH XXIX)
ably —60° to —30° C. ‘ r130 CH:
In the compound (XXII) used as the starting sub-
stance in the above-described process, a compound, s
wherein R3 and R4 are each a lower alkoxy group and RO
RS is a methyl group, X is a methoxymethyloxy group OR!?
and Y is an alkoxy group, can be prepared, e.g., by the
following process: \memiﬂaﬂ“n |
" OR!3 (XXIII) OH (XXX)
R130 | RP0 CH3
33 14
R3O COOH RO | Br
ORIB *
dealkylatlon ‘methoxymethylation
40
R” (XXIV) OCH,0CH; (XXXI)
HO R3O0 CH3
RI30 COOH 43 R140 Br
OR!3
\l/ In the above-described formulae, R13 and R4 are
o so cach a lower alkyl group.
OR (XXV) Specifically, a trialkyl ether of gallic acid (XXIII) can
R}40, be heated in an acetic acid-concentrated hydrobromic
acid solvent mixture to selectively cleave the ether
bond at the 4-position, thereby preparing a compound
RPO . COOR !4 55 represented by the general formula (XXIV).
- Then, a suitable alkyl halide is reacted with this com-
almme saponification pound in the presence of a base to simultaneously con-
duct etherification and esterification, thereby preparing
a compound represented by the general formula
ORIB (XXV I 60

(XXV). An alkali metal hydride such as sodium hydride
or potassium hydride and an alkali metal carbonate such
as sodium carbonate or potassium carbonate may be
used as the base.

The solvent is preferably dimethylformamide, di-
methylacetamide, tetrahydrofuran, dioxane or the like,
and the reaction temperature is 30° to 80°. The above
compound is saponified with an alkali and then bromi-
nated by a conventional method to prepare a bromo
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compound (XXVII) Thls compound can be converted
“into a phenol compound (XXVIII) by heating the com-
pound under reflux in the presence of a catalytic
amount of a metallic copper in an aqueous concentrated
alkali solution according to the method proposed by
Meyer et al. (see Chem. Ber., 89, 511 (1956)).

A compound represented by the general formula
(XXIX) can be prepared according to the method of
Minami et al. (see Chem. Pharm. Bull,, 28 (5), 1648
(1980)), i.e., by reacting the compound (XXVIII) with
an ester of halogeno-carbonic acid, such as ethyl chlo-

rocarbonate or isobutyl chlorocarbonate in the presence

of a base to prepare a mixed acid anhydrnide and reduc-
ing the mixed acid anhydride with sodium borohydride
or lithium borohydride to prepare a compound repre-
sented by the general formula (XXIX). Examples of the
base used include organic bases such as triethylamine,
pyridine and diisopropylethylamine and inorganic bases
such as sodium carbonate and potassium carbonate.
Tetrahydrofuran, ether, dioxane, dimethoxyethane or
the like is used as a solvent, and the reaction tempera-
ture is preferably 0° to 30° C.

The compound (XXIX) may be brominated and me-
thoxymethylated by a conventional method to convert

it into an intended compound (XXXI). The bromination.

is conducted in a solvent such as chloroform, benzene,

10

15

20

235

methanol or ethyl acetate at a reaction temperature of .,

0° to 30° C. The methoxymethylation is conducted by
reacting the compound (XXX) with chloromethyl
methyl ether in a solvent, such as dimethylformamide,
dimethylacetamide, N-methylpyrrolidone, tetrahydro-
furan, dimethoxyethane, dichloromethane or toluene, 1n
the presence of an alkali metal hydride, such as sodium
hydride or potassium hydride, and an organic base such
as diisopropylethylamine or dimethylaminopyridine.

The bromo compound (XXXI) prepared above can
be formylated by the following conventional method to
prepare a formyl compound (XXXII):

(XXXI)
J/farmylation

OCH,0CH; (XXXII)
. _CHj
~CHO

In the above-described formula, R13and R4 are each a
lower alkyl group.
In the Preparation process 2, when R3, R4 and RS in

the compound represented by the general formula (I1D)

are each a lower alkoxy group, X is a lower alkoxy
group and Y is 2 methoxymethyloxy group, the com-
pound can be prepared also by the following process:

35

435

50
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OR!S (XXXIII)

R0 ! 0R15

mcthoxymethylatmn

ORIS XXXIV)

R150 : OR13

OCH,OCH;

fnrmylatlon

ORIS
RISO : RIS

OCH;0CH;

(XXXV)

Baeyer-Villiger rearrangement

R16—A | hydrolysis
alkylation

ORI
R150 ORD
OR16

OCH;0CH;

(XXXVI)

formylatlon

RIS
RISDQORH

OCH20CH;3;

(XXXVIID

“In the above-described formulae, R15and R16 are each a

lower alkyl group.

Specifically, 3,4,5-trialkoxyphenol (XXXIII) IS me-
thoxymethylated in the same manner as that described
above, and the product is treated with an alkyl metal to
form an anion, which is then reacted with a formylating
agent to prepare a formyl compound (XXXV). In this

" case, an ether, tetrahydrofuran or the like, is used as the

65

reaction solvent, and the reaction temperature 1s prefer-
ably 0° to 30° C. The formyl compound (XXXV) is
subjected to a Baeyer-Villiger reaction with a peracid
to prepare an O-formyl compound. The O-formyl com-
pound is hydrolyzed to prepare a phenol compound,
which is alkylated as such to prepare a compound rep-
resented by general formula (XXXVI). Examples of the
peracid used in the Baeyer-Villiger reaction include
peracetic acid, perbenzoic acid and m-chloroperbenzoic
acid. Dichloromethane, chloroform, dichloroethane,
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etc., are preferred as the reaction solvent, and the reac- TABLE 1-continued
tion temperature is preferably 0° to 20° C. The com- - Perocntage
pound (XXXVI) can be easily converted into a for- o bibition
mylated compound (XXXVII) by reformylating the o (%)
compound according to the above-described process. . - Test compound HPT GPT

The effect of the present invention will now be de- OH - 1M1 60
scribed in more detail by way of the following examples
of pharmacological experiment on representative com-

| pounds_of the present invention. 10

MeO Me

Pharmacological tests —_—

_ _ OH
Test 1 concerning effects on the rat D-galactosamine COOH

(GalN)-induced acute hepatitis model | |
| 15 (cxamplc No. 14) -
(1) procedures OH 76 78

300 mg/kg of GalN was subcutaneously injected into ' Me
a Fischer (F 344) male rat(s) (around 180 g) to induce
acute hepatitis. Each test compound was suspended in a
0.5% aqueous methylcellulose solution and orally ad- 20
ministered at a dose of 100 mg/kg one hr after the injec-
tion of GalN. | |

Blood was sampled from the tail of the rat 48 hr after
the injection of GalN. The blood clotting time was
measured by Hepaplastin test (HPT), and at the same
time GPT activity in the plasma was measured enzy-
matically.

The percent inhibition of the GalN-induced hepatitis
by each test compound is shown in Table 1. 30

25
51 52

_ EtO
(2) Results O

Results are shown in Table 1. Refer to the com-
pounds in to Tables 4 and 5. (compound No. 137)

TABLE 1 33

COOH

73 77

Percentage
inhibition
(%)
Test compound HPT GPT 4p

| (campouﬁd No. 20)
OH 68 68

EtO (compound No. 141)

98 100

| 45
CsHyy

EtO

OEt
COOH

(compound No. 79) 50
OH 89 94

(compound No. 142)
67 76

33

COOH

(compound No. 125) |
OH 78 67 60

Me (compound No. 144)

79 78
EtO

65
COOH - EO

(compound No. 127)
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TABLE 1-continued
. Percentage
inhibition
)
Test compound HPT GPT
(compound No. 149)
- 95 93
. " ..
(cxample No. 4)
87 91
97 96
COOH
(compound No. 183)
80 86

SMe

COOH

(compound No. 217

Test 2 concerning effects on the mouse
propionibactrium acnes (P. acnes)-lipopolysaccharide
(LPS)-induced fulminant hepatitis model

(1) procedures

'One mg/mouse of heat-killed P. acnes was intrave-
nously injected into a five-week-old male Balb/c mice
and LPS was additionally intravenously m_]ected at a
dose of 1 microgram/mouse 7 days after the injection of
P.acnes to induce fulminant hepatitis. Each test com-
pound was suspended in a 0.5% methylcellulose solu-
tion and orally administered at a dose of 100 mg/kg 30
min before the intravenous injection of LPS.

Survival rates and GPT activity in plasma of the

survivors were determined in 24 hours after the intrave-
nous injection of LPS. The mice treated with each test

S
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compound against the lethality and hepatic injury in-
duced with P. acnes-LPS are shown in Table 2.

(2) Results

The results are given in Table 2.
As with Table 1, the compound Nos. in Table 2 cor-
respond to those of Tables 4 and J.

TABLE 2
Effect of test compounds on P. acnes-LPS-induced

death and hepatopathy
(part 1) |
___Survivalrate (%) . GFT (survivalrate)
Test control group (%) / control group (%) /
compd. test compd. group (%)  test compd. group (%)
compd 30 /70 - 848 % 316/ 293 £ 65
No. 20 |
compd. 8/ 30 1639 / 1009 + 196
No. 79 |
compd. 40 / 90 353 £ 67 /219 = 52
No. 125 | '_
compd. 40 / 100 485 += 139 / 297 £ 50
of Ex. |
No. 14
compd. 0/ 30 —
No. 135 .
No. 137 -
compd. 0/25 —_
No. 141
compd. 22 / 100 761 7 381 = 1S
No. 142 |
compd. 36 / 100 696 + 160 / 280 £ 31
No. 144
compd. 40 / 67 353 == 67 / 209 = 66
No. 149 |
compd. 22 / 64 761 /358 = 40
of Ex. |
No. 4
~ _(part 2) |
Survival rate (%) GPT (Ku/ml

Test control group (%) / control group /
compd. test compd. group (%)  test compd. group
compd. 22 /80 761 /7 297 = 50
No. 176
compd. 0/22 —_
No. 183
compd. 0/80 —

No. 217

- Experimental Example 3
Toxicity test

The compound of the present invention prepared in
Example 4, compound No. 137 prepared in Example 15
and compound No. 142 prepared in Example 15, as wili
be described hereinbelow, were orally administered to a
seven-week male s(c: SD rat for one week (dose: 300
mg/pg). As a result, no compound was found to cause
death.

As is apparent from Experimental Examples 1 and 2,
the compounds of the present invention are highly use-
ful as a therapeutic agent for hepatic diseases.

Therefore, the compounds of the present invention
are useful as a therapeutic and preventive agent for
various types of hepatopathy of animals including
human beings and can be specifically used for the treat-

ment and prevention of, e.g., chronic hepatitis, acute

hepatitis, toxic hepatopathy, viral hepatitis, alcoholic
hepatitis, Jaundlce, and cirrhosis as an end-stage disease.

Further, as is apparent from Experimental Example 3,
the compounds of the present invention have a very low

toxicity, i.e., are highly safe. In many cases, the com- |
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pounds of the present invention must be repetitively
administered for a long period of time depending on the
nature of the disease. In this respect as well, the present
invention is of great value.

When the compounds of the present invention are
used as a therapeutic and preventive agent for hepatic

diseases, they may be orally administered in the form of

powders, granules, capsules, syrups, etc., or parenter-
ally administered in the form of suppositonies, injec-
tions, external preparations and drops. The dose of the
compounds of the present invention will remarkably
vary depending upon the symptom, age, and kind of the
hepatic disease, etc. In general, the compounds of the

present invention may be administered in a dose of

about 0.1 to 1,000 mg, preferably 2 to 500 mg, still pref-
erably 5 to 150 mg per adult per day in one to several
portions.

Pharmaceutical preparations are prepared from the
compounds of the present invention by making use of a
commonly accepted carrier for pharmaceutical prepa-
rations according to conventional methods.

Specifically, when a solid preparation for oral admin-
istration is prepared, the active ingredient is blended

with a vehicle and, if necessary, a binder, a disintegra-

tor, a lubricant, a colorant, a corrigent, etc., followed by
preparation of tablets, coated tablets, granules, powders
and capsules.

Examples of the vehicle include lactose, corn starch,
sucrose, glucose, sorbitol, crystalline cellulose and sili-
con dioxide. Examples of the binder include polyvinyl
alcohol, polyvmyl ether, ethylcellulose, methylcellu-
lose, acacia, tragacanth, gelatin, shellac, hydroxy-
propylcellulose hydroxypropylmethylcellulose, cal-
cium citrate, dextrin and pectin. Examples of the lubri-
cant include magnesium stearate, talc, polyethylene
glycol, silica and hydrogenated vegetable oil. Any col-
orant of which the addition to pharmaceuticals 1s offi-

5
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cially allowed can be used as the colorant. Examples of -

the corrigent include cacao powder, menthol, aromatic
powder, mentha powder, borneol and powdered cinna-
mon bark. It is a matter of course that a sugar coating,
a gelatin coating and, if necessary, suitable other coat-
ings may be applied on these tablets and granules.
When injections are prepared, a pH modifier, a buff-

40

ering agent, a stabilizer, a solubilizing agent, etc., are 45

added to the active ingredient, followed by the prepara-
tion of subcutaneous, intramuscular and intravenous
injections according to conventional methods.
Representative Examples of the present invention
will now be described, though it is needless to say that
the present invention is not limited to them.,
Since the compounds of the present invention have a

30

double bond, they are expected to be present in the form

of cis and trans isomers. In the following Examples, the
compounds of the present invention are in the form of a
trans isomer unless otherwise specified.

The final step of preparing the intended substance of

55

the present invention will be described as Examples, -

and the steps of preparing the starting substance used 1n
the Examples will be described as Referential Examples
prior to Examples.

The following symbols in the chemlcal structural
formulae have the following meanings:

Me: methyl group

Et: ethyl group

n-Pr: n-propyl group

MOMO: methoxymethyloxy group

iso-Pr: isopropyl group |

60
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Oct: octyl group

REFERENTIAL EXAMPLE 1
3,5-Diethoxy—tlwhydroxybenzoic acid

OH

EtO : OEt

COH

100 g of 3,4,5-triethoxybenzoic acid was dissolved 1n

150 ml of a 48% aqueous HBr solution and 300 ml of

acetic acid, and the resultant solution was heated at 100°
C. for 2 hr while stirring. The reaction mixture was
cooled, and the formed precipitate was separated by
filtration and washed with water. The solid was recrys-
tallized from 1 1 of ethanol to prepare S0 g of the prod-
uct compound as a white solid. |

REFERENTIAL EXAMPLE 2
Methyl 3,5-diethoxy-#methoxybenzoéte

OMe

EtO : OEt

COMe

50 g of 3,5-diethoxy-4-hydroxybenzoic acid prepared
in the Referential Example 1 was dissolved in 300 ml of
DMF, and 153 g of potassium carbonate was added
thereto. 41.3 ml of iodomethane at room temperature
was added thereto, and the mixture was heated at 50° C.
for 6 hr while stirring. The reaction mixture was cooled
and poured into ice water and extracted with ethyl
acetate. The extract was washed with water and dried
over anhydrous magnesium sulfate, and the solvent was
distilled off to prepare 63 g of the crude product (white
solid). |

IH-NMR (CDCIl3) &; 1.45 (t, J=7 Hz, 6H), 3.87 (s,
3H), 3.88 (s, 3H), 4.12 (q, J=7 Hz, 4H), 7.22 (s, 2H).

REFERENTIAL EXAMPLE 3
3,5-Diethoxy-4-methoxybenzoic acid

OMe

EtO OEt

CO2H

63 g of methyl 3,5-diethoxy-4-methoxybenzoate pre-
pared in Referential Example 2 was dissovled in 200 ml
of ethanol and 80 ml of water and 44 g of caustic soda
was added thereto. The mixture was heated at 70° C. for
2 hr while stirring, cooled, weakly acidified with dilute
hydrochloric acid and extracted with dichloromethane.
The organic phase was washed with water and dried

over anhydrous magnesium sulfate, and the solvent was

then distilled off to prepare 48 g of the crude product
(white solid). |
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IH-NMR (CDCl3) §; 1.48 (t, J=7 Hz, 6H), 3.95 (s,
3H), 4.15 (q, J=7 Hz, 4H), 7.36 (s, 2H).

REFERENTIAL EXAMPLE 4
2-Bromo-3,5-diethoxy-4-methoxybenzoic acid

OMe

EtO_ OFEt

Br

COsH

48 g of 3,5- dlethoxy-3-meth0xybenzc>1c acid prepared
in Referential Example 3 was dissolved in 300 ml of
chloroform, and 6 ml of water was added thereto. Then,

13.4 ml of bromine was dropwise added thereto over a.

period of 8 hr under reflux in chloroform. The solvent
was concentrated in vacuo to prepare 68 g of the crude
product (light yellow solid).

IH-NMR (CDCl3) 8; 1.46 (t, J=7 Hz, 3H), 1.47 (t,
J =7 Hz, 3H), 3.95 (s, 3H), 4.08 (q, J=7 Hz, 4H), 7.34 (s,
1H). |

REFERENTIAL EXAMPLE 5
3,5-Diethoxy-2-hydroxy-4-methoxybenzoic acid

OMe

EtO : .

COsH

OEt

OH

68 g of 2-bromo-3,5-diethoxy-4-methoxybenzoic acid
prepared in Referential Example 4 was suspended 1n 260
m! of water and 32 g of caustic soda and 0.88 g of cop-
per powder were added thereto. The mixture was
heated at 120° C. for 3 hr while stirring, and then
cooled. Carbon was added thereto, and the mixture was
filtered through Celite. The filtrate was neutralized

with 140 ml of 6 N hydrochloric acid and 1 1 of chloro-

~ form was added thereto. The mixture was subjected to
liquid-liquid separation. The organic phase was washed
with water, dried and then concentrated to prepare 53 g
of the crude product (ocherous sohid).

IH-NMR (CDCl3) §; 1.40 (t, J=7 Hz, 3H), 1.43 (t, J=7
Hz 3H), 4.00 (s, 3H), 4.02 (q, J=7 Hz, 2H), 4.13 (q, J=7

Hz, 2H), 7.11 (s, 1H).
REFERENTIAL EXAMPLE 6

2,4-Diethoxy-3-methoxy-6-methylphenol

OH

EtO CH3

MeO
OEt

53 g of 3,5-diethoxy-2-hydroxy-3-methoxybenzoic
acid prepared in Referential Example 5 and 45.5 g of
triethylamine were dissolved in 400 ml of THF, and
48.4 g of ethyl chlorocarbonate in 100 ml of THF was
dropwise added thereto with ice cooling while stirring.
After the completion of the dropwise addition, the
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formed crystals were separated by filtration and washed
with 100 ml of THF. The mother hquor was combined
with the wash liquid, and a 10% aqueous solution of
30.3 g of sodium borohydride was added to the resultant
solution and cooled by ice while stirring. After the
completion of the dropwise addition, the mixture was
stirred at room temperature for one hr, neutralized with
dilute hydrochlonc acid and extracted with ethyl ace-
tate. The organic phase was washed with water, dried
over anhydrous magnesium sulfate and concentrated.
The concentrate was purified by stlica gel column chro-
matography (eluent: n-hexane :ethyl acetate=95.5) to
prepare 40 g of the product compound as a colorless
oleaginous substance.

IH-NMR (CDCl) &; 1.38 (t, J=7 Hz, 3H), 1.40 (1,
J=7Hz, 3H), 2.19 (s, 3H), 3.84 (s, 3H), 3.98 (g, J=7 Hz,

2H), 4.18 (g, J=7 Hz, 2H), 5.45 (s, 1H), 6.39 (s, 1H).

- REFERENTIAL EXAMPLE 7
S-Bromo-2,4~diethoxy-3-methoxy-6—methylphenol

OH

EtO CHj3

MeO Br

OEt

40 g of 2,4-diethoxy-3-methoxy-6-methylphenol pre-
pared in Referential Example 6 was dissovled in 200 ml
of chloroform, and 10 ml of bromine was added thereto
and cooled by ice while stirring. Ice water was added to.
the reaction mixture, and the mixture was subjected to
liquid-liquid separation. The organic phase was washed
with saturated saline and dried over anhydrous magne-
sium sulfate, and the solvent was distilled off to prepare
54 g of the product compound as a light yellow oleagi-
nous substance. |

IH-NMR (CDCl3) &; 1.38 (t, J=7 Hz, 3H), 1.40 (t,
J=7 Hz, 3H), 2.28 (s, 3H), 3.87 (s, 3H), 3.97 (q, J=7 Hz,

- 2H), 4.16 (q, J=7 Hz, 2H), 5.71 (br, 1H).

REFERENTIAL EXAMPLE 8

5-Bromo-2 4-d1ethoxy 6-methyl- l-methoxymethyloxy-
benzene

OCH,OCH;

: . CH3

OEt

EtO

MeO Br

54 g of 5-bromo-2,4-diethoxy-3-methoxy-6-methyl-
phenol prepared in Referential Example 7 was dis-
solved in 250 ml of DMF, and 8.5 g of sodium hydride
(55% oil suspension) was added thereto and cooled by
ice while stirring. The mixture was stirred at room
temperature for 30 min and cooled again with ice, and
17.1 g of methoxymethyl chloride was dropwise added
thereto. After the completion of the dropwise addition,
the mixture was further stirred at room temperature for
30 min. Ice water was added thereto, and the mixture

~was extracted with ethyl acetate. The organic phase

- was washed with water, dried over anhydrous magne-
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sium sulfate, concentrated and purified by silica gel
column chromatography (eluent; n-hexane : ethyl aceta-
te=95:5) to prepare 43.6 g of the product compound as
a colorless oleaginous substance.

IH-NMR (CDCl3) 8: 1.37 (t, J=7 Hz, 3H), 1.41 (1,

J=7 Hz, 3H), 2.36 (s, 3H), 3.58 (s, 3H), 3.88 (s, 3H), 4.02
(q, J=7 Hz, 2H), 4.03 (q, J=7 Hz, 2H), 5.04 (s, 2H).

REFERENTIAL EXAMPLE 9

2,4—Diethoxy-3-methoxy-S-methoxymethyibxy-ﬁ-
methylbenzaldehyde (starting compound No. (8))

OCH;0CH:?
EtO CHj
MeO CHO
OLt

43.6 g of 5-bromo-2,4-diethoxy-6-methyl-1-methox-
ymethyloxybenzene prepared in Referential Example 8
was dissolved in 220 ml of THF, and 100 ml! of n-buthyl-
lithium (1.6 M n-hexane solution) was dropwise added
thereto at —70° C. The mixture was stirred at —40° C.
for 30 min, and 11.9 g of dimethylformamide was drop-
wise added thereto. The temperature of the reaction
mixture was returned to room temperature, and an
aqueous ammonium chloride solution was added there-
to,-followed by extracting with ethyl acetate. The or-
ganic phase was washed with water, dried, concen-
trated and purified by silica gel column chromatogra-
phy (eluent; n-hexane : ethyl acetate=90 : 10) to pre-
pare 19.2 g of the product compound as a colorless
oleaginous substance.

IH-NMR; 1.40 (t, J=7 Hz, 6H), 2.49 (s, 3H), 3.58 (s,
3H), 3.88 (s, 3H), 4.10(q, J=7 Hz, 2H), 4.18 (q, J=7 Hz,
2H), 5.01 (s, 2H), 10.37 (s, 1H).

REFERENTIAL EXAMPLE 10
I-Methoxymethyloxy-3,4,5-trimethoxyphenol

OMe

MeO OMe

OCH,;0OCH;

25 g of 3,4,5-triméthoxthenol was dissolved 1in 100
ml of DMF, and 7.1 g of sodium hydride, (55% oil
suspension) was added thereto and cooled by ice while
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stirring. Then, 12.4 ml of methoxymethyl chloride was

added thereto with ice cooling, and the mixture was
stirred at room temperature for 30 min. The reaction
mixture was poured into ice water and extracted with
ethyl acetate. The organic phase was washed with
water and dried over anhydrous magnesium sulfate, and
the solvent was distilled off. The residue was purified
by silica gel column chromatography (eluent; n-hexane
: ethyl acetate =85 : 15) to prepare 30.4 g of the product
compound as a colorless oleaginous substance.
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REFERENTIAL EXAMPLE 11

2-Methoxymethyloxy-4,5,6-tﬁmethoxybenza]dehyde
(starting compound No. (9))

OMc
MeO OMe
CHO
OCH;OCH3

304 g of 1-methoxymethyloxy-3,4,5-trimethoxy-
phenol prepared in Referential Example 10 was dis-
solved in 250 m! of anhydrous ether, and 100 ml of
n-butyllithium (1.6 M n-hexane solution) was dropwise
added thereto at —20° C. After the completion of the
dropwise addition, the mixture was stirred at room
temperature for 2 hr, and 14.6 ml of DMF was added
thereto. 100 ml of ice water was added thereto, and the
mixture was extracted with ethyl acetate. The organic
phase was washed with water and dried over anhydrous
magnesium sulfate, and the solvent was distilled off.
The residue was purified by silica gel column chroma-
tography (eluent; n-hexane ethyl acetate=6 : 4) to pre-
pare 25.5 g of the product compound as a light yellow
oleaginous substance.

IH-NMR; 3.48 (s, 3H), 3.78 (s, 3H), 3.88 (s, 3H), 3.92
(s, 3H) 5.20 (s, 2H), 6.50 (s, 1H), 10.22 (s, 1H).

REFERENTIAL EXAMPLE 12
2-Methoxymethyloxy-4,5,6—tﬁmethoxyphenol

OMe
MeO OMe
OH
OCH>»OCH-:

12.8 g of 2-methoxymethyloxy-4,5,6-trimethoxyben-
zaldehyde prepared in Referential Example 11 was
dissolved in 100 ml of dichloromethane, and 8.7 g of
m-chloroperbenzoic acid was added thereto at room
temperature while stirring. The mixture was refluxed
for 30 min and cooled with ice, and 100 ml of a saturated
aqueous sodium thiosulfate solution was added thereto.
The precipitated crystals were separated by filtration.
The mother liquor was washed with a saturated aque-
ous sodium hydrogen-carbonate solution, dried over
anhydrous magnesium sulfate and concentrated. The
residue was mixed with S0 ml of ethanol, 40 ml of water
and 21.3 g of potassium hydroxide, and the mixture was
stirred for 1 hr under reflux. The reaction mixture was
cooled, poured into dilute hydrochloric acid and ex-
tracted with ethyl acetate. The organic phase was
washed with water and dried over anhydrous magne-
sium sulfate, and the solvent was distilled off to prepare
11.5 g of the product compound (light yellow oleag1-
nous) as a crude product.
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REFERENTIAL EXAMPLE 13
1-Methoxymethyloxy-2,3,4,5-tetramethoxybenzene

OMe
MeO : OMe
MeO

OCH>0OCHj;

11.5 g of 2-methoxymethyloxy-4,5,6-trimethoxy-
phenol prepared in Referential Example 12 and 23.0 g

5,210,239
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REFERENTIAL EXAMPLE 14

2-Methoxymethyloxy-3,4,5,6-tetramethoxybenzalde-
hyde (starting compound No. (10))

OMe
McO OMe
- MeO : CHO
OCH,0OCH;

6.2 g of l—methoxymethyloxy-Z,3,4,5-tctraméthoxy-

of potassium carbonate were suspended in 100 ml of 15 benzene prepared in Referential Example 13 was dis-
DMF. The suspension was heated at 45° C. while stir-

ring, and 5.2 ml of iodomethane was dropwise added
thereto. After the completion of the dropwise addition,
the mixture was heated for 30 min, cooled and separated
by filtration. 1 1 of water was added to the mother li-
quor, and the mixture was extracted with ethyl acetate.

20

The organic phase was washed with water and dried

over anhydrous magnesium sulfate, and the solvent was
distilled off. The residue was purified by silica gel col-

umn chromatography (eluent; n-hexane : ethyl aceta-
te=285:15) to prepare 6.2 g of the product compound as
a colorless oleaginous substance.

_NMR (CDO3) §; 3.52 (s, 3H), 3.78 (s, 3H), 3.82 (s,
6H), 3.94 (s, 3H), 5.16 (s, 2H), 6.50 (s, 1H).

25

solved in 50 ml of anhydrous ether, and 18 ml of n-
butyllithium (1.6 M n-hexane solution) was dropwise
added thereto at —20° C. while stirring. After the mix-
ture was stirred at 0° C. for 30 min, the temperature was
returned to —20° C. and 3.5 ml of DMF was dropwise
added thereto. After 100 ml of water was added thereto, .

the mixture was extracted with ethyl acetate, and the

organic phase was washed with water, dried over anhy-
drous magnesium sulfate and concentrated. The residue
was purified by silica gel column chromatography (elu-
ent; n-hexane : ethyl acetate=7 : 3) to prepare 5.6 g of
the product compound as a light yellow oleaginous
substance. |

IH-NMR (8); 3.56 (s, 3H), 3.84 (s, 3H), 3.86 (s, 3H),

30 3.90 (s, 3H), 4.02 (s, 3H), 5.12 (s, 2H), 10.06 (s, 1H).
The following starting compounds (1) to (7) were
prepared in the same manner as that of Reference Ex-
~ amples 2 to 9. The spectral data of the compounds are
given in the following Table 3.
TABLE 3
Starting
compd. |
No. Product - IH-NMR
(1 OCH;0OCH3 ~ 2.48(s, 3H), 3.58(s, 3H), 3.88(s, 3H),
3.92(s, 3H), 3.96(s, 3H), 5.00(s, 2H),
MeO CH3 10.37(s, 1H)
MeQO CHO
| OMe
light yellow oil
2 OCH,;0CH3; 1.40(t, J=7Hz, 9H), 2.48(s, 3H),
. - 3.58(s, 3H), 4.06(q, I=THz, 2H),
EtO CH; 4.12(a, J="THz, 2H), 4.18(q, J="7Hz, 2H),
| 5.02(s, 2H), 10.39(s, 1H)
EtO CHO
 OEt
~ light yellow oil
(3) OCH2;0CHj3 1.40(t, J=THz, 3H), 2.49(s, 3H),
. 3.57(s, 3H), 3.93(s, 3H), 3.97(s, 3H),
MeO CH3 4.09(q, J="7THz, 2H), 5.00(s, 2H),
10.36(s, 1H) |
CHO

EtO

~ OMe
light yellow oil



5,210,239

28

27
TABLE 3-continued
Starting
compd. |
No. Product ITH.NMR
(4) OCH,0CH3; 1.06(t, J="7.0Hz, 3H), 1.60-1.97(m, 2H),
2.49(s, 3H), 3.57(s, 3H),
MeG 3.91(q, J=7.0Hz, 2H), 3.91(s, 3H),
3.96(s, 3H), 5.00(s, 2H), 10.39(s, 1H)
n-PrO CHO
OMe
hight yellow oil
(5) OCH,OCH; 1.29(d, J=6.4Hz, 6H), 2.49(s, 3H),
| 3.57(s, 3H), 3.90(s, 3H), 3.94(s, 3H),
MeO CH3 4.34(hept, J=6.4Hz, 1H), 4.99(s, 2H),
10.34(s, 1H) |
iso-PrO CHO
OMe
light yellow o1l
(6) OCH,OCH; 0.77-2.09(m, 11H), 2.47(s, 3H),
3.57(s, 3H), 3.77(d, J=6.2Hz, 2H),
MeO CH3 3005, 3H), 3.93(s, 3H), 5.00(s, 2H),
10.51(s, 1H)
O CHO
OMe
light yellcw oil
(7) OCH;0CHj3 0.88(t, J=6Hz, 3H), 1.61-1.59(m, 10H),
1.59-1.95(m, 2H), 2.48(s, 3H),
MeO CHs 3.58(s, 3H), 3.90(s, 3H), 3.92(s, 3H),
3.98(t, J="THz, 2H), 5.00(s, 2H),
10.34(s, 1H)
CgH17—0 CHO
OMe
light yellow o1l
EXAMPLE 1

Ethyl(E)3-[5-(6-methyl-1-methoxymethyloxy-2,3,4-
trimethoxy)phenyl}-2-nonyl-2-propenoate

OCH>OCH;

MeO CHj;

MeO : CoHig
OMe

. COsEt

0.6 g of sodium hydride (60% oil suspension) was
suspended in 5 ml of DMF, and 8.8 g of ethyl diethyl-

phosphono-2-undecanoate was dropwise added to the

suspension. After the reaction mixture became homoge-
neous, 2.7 g of S-methoxymethyloxy-6-methyl-2,3,4-
trimethoxybenzaldehyde (compound No. (1)) prepared
in the same manner as that of Referential Examples 1 to
9 was dropwise added thereto at room temperature.
After the completion of the dropwise addition, the mix-
ture was heated at 60° to 70° C. for one hr, poured into
ice water and extracted with ethyl acetate. The organic
phase was washed with water and dried over anhydrous
magnesium sulfate, and the solvent was distilled off.
The residue was purified by silica gel column chroma-
tography (eluent; n-hexane : ethyl acetate=95 : 5) to
prepare 3.9 g of the product compound.

IN-NMR (3): 0.86 (t, J=6 Hz, 3H), 1.00-1.50 (n,

40 14H), 1.36 (t, J=7 Hz, 3H), 2.08 (s, 3H), 2.00-2.25 (m,

45

50

535

65

2H), 3.58 (s, 3H), 3.68 (s, 3H), 3.88 (s, 6H), 4.24 (g, J=
Hz, 2H), 5.04 (s, 2H), 7.33 (s, 1H). |

Compounds Nos. 1 to 8 were prepared in the same
manner as that of Example 1.

EXAMPLE 2

(E)-3-[5-(6-Methyl-1-methoxymethyloxy-2,3,4-trime-
thoxy)phenyl]-2-nonyl-2-propenoic acid

OCH>OCH;

CoHjg

CO»H

3.9 g of ethyl(E)3-[5-(6-methyl-1-methoxymethyloxy-
2,3,4-trimethoxy)phenyl}-2-nonyl-2-propenoate  pre-
pared in Example 1 was dissolved in 30 ml of ethanol
and 5 ml of water, and 1.7 g of sodium hydroxide was

added thereto. The mixture was stirred for 1 hr under
reflux, cooled and extracted with n-hexane, and the

aqueous phase was acidified with 1 N dilute hydrochlo-

ric acid. Extraction was conducted with dichlorometh-
ane, and the organic phase was washed with water and
dried over anhydrous magnesium sulfate. The solvent
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wa-s distilled off to prepare 3.6 g of the product com-
pound as a colorless oleaginous substance.

IH-NMR (5): 0.86 (t, J=6 Hz, 3H), 1.01-1.59 (m,

'14H), 2.00-2.28 (m, 2H), 2.10 (s, 3H), 3.59 (s, 3H), 3.69
(s, 3H), 3.88 (s, 6H), 5.04 (s, 2H), 7.50 (s, 1H).

Compounds Nos. 9 to 16 were prepared in the same
manner as that of Example 2.

EXAMPLE 3

(E)-3-[5-(1-Hydroxy-6-methyl-2,3,4-trimethoxy)-
phenyl]-2-nonyl-2-propenoic acid

3.6 g of (E)3-[5-(6-methyl-1-methoxymethyloxy-

5

10

15

20

2,3 4—trimetho:ty)phenyl] 2-nony1-2-pr0penoic acid pre-

pared in Example 2 was dissolved in 30 ml of acetone
~and 7 m! of 6 N hydrochloric acid, and the resultant
solution was heated at 70° C. for 1 hr while stirring. The
reaction mixture was cooled and 100 m] of water added
thereto. The mixture was extracted with dichlorometh-
ane, and the organic phase was washed with water,
dried over anhydrous magnesium sulfate, and concen-

trated to prepare 3.4 g of the product compound as a.

colorless oleaginous substance.

IH-NMR (8): 0.86 (t, J=6 Hz, 3H), 1.01-1.60 (m,-

14H), 2.01-2.32 (m, 2H), 2.07 (s, 3H), 3.68 (s, 3H), 3.89
(s, 3H), 3.97 (s, 3H), 7.57 (s, 1H).

Compounds Nos. 17 to 124 were prepared in the same
manner as that of Example 3.

EXAMPLE 4

(E)-3-[5-(2,3-Dimethoxy-6-methyl-1,4-benzoquinoyl)]-
2-nonyl-2-propenoic acid

O

CoHyg.

COzH

3.4 g of (E)3-[5-(1-hydroxy-6-methyl-2,3,4-trimethox-
y)phenyl}-2-nonyl- 2-propenoic acid prepared in Exam-
ple 3 was dissolved in 100 ml of ethyl acetate and 3.4 g

25
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of ferric chloride hexahydrate was added thereto. The
mixture was stirred at room temperature for 2 hr and

200 ml of water was added thereto. The resulting mix-
ture was separated into two liquid phases and the or-
ganic phase was washed with water and dnied over

anhydrous magnesium sulfate. The solvent was distilled

off, and the residue was-purified by silica gel column
chromatography (eluent; dichloromethane me-
thanol=95 : 5) and recrystallized from n-hexane to
prepare 2.9 g of the product compound as an orange
solid | | |

melting point: 68° C.

65

30
IH-NMR (8): 0.86 (t, J=6 Hz, 3H), 1.02-1.60 (m,
‘14H), 1.96 (d, J=2 Hz, 3H), 2.01-2.22 (m, 2H) 3.99 (s,
3H), 4.01 (s, 3H), 7.20 (bs, 1H). |
Compounds Nos. 130 to 237 were prepared in the
same manner as that of Example 4.

EXAMPLE 5

N-[(E)-3-[5-(6-Methyl-1-methoxymethyloxy-2,3,4-
trimethoxy)phenyl]-2-nonyl-2-propenoyl]morpholine

OMOM

1.0 g of (E)-3-[5-(6-methyl-1-methoxymethyloxy-
2,3,4-trimethoxy)phenyl}-2-nonyl-2-propenoic acid pre-
pared in ExamPle 2 and 1.0 ml of triethylamine were
dissolved in 10 ml of tetrahydrofuran, and 0.45 ml of
diethylphosphonic acid chloride was dropwise added
thereto and cooled by ice while stirring. After the mix-
ture was stirred at room temperature for 30 min, 1.0 ml
of morpholine was added thereto, and the mixture was
stirred as such for 2 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl ace-
tate. The organic phase was washed with water and
then dried over anhydrous magnesium sulfate. The
solvent was distilled off, and the residue was purified by
silica gel column chromatography (eluent; n-hexane :
ethyl acetate=3 : 2) to prepare 0.93 g of the product
compound as a colorless oleaginous substance.

1H-NMR (8): 0.86 (t, J=6 Hz, 3H), 1.00-1.50 (m,
14H), 2.12 (s, 3H), 2.00-2.20 (m, 2H), 3.50-3.80 (m, 8H),
3.56 (s, 3H), 3.68 (s, 3H) 3.88 (s, 6H), 5.04 (s, 2H), 6.12
(s, 1H). |

EXAM PLE 6

N-[(E)-3-[5(2,3-DMethoxy-6#methyl-1,4-ben-' |
z_oquinoyl)]-2-nony1-2-propenoyl]morpholine

093 g of N-[(E)-3-{5-(6-methyl-1-methoxyme-
thyloxy-2,3 4—tnmethoxy)phenyl]-2-n0nyl-2-
prOpenoyl]morphohne prepared in Example § was dis-
solved in 10 ml of ethyl acetate and 10 g of ferric chlo-
ride hexahydrate was added thereto. The mixture was
stirred at room temperature for 8 hr and 100 ml of water

- was added thereto. The organic phase was washed with

water and dried over anhydrous magnesium sulfate.

The solvent was distilled off, and the residue was puri-

fied by silica gel chromatography (eluent; n-hexane :
ethyl acetate=1 : 2) to prepare 0.75 g of the product
compound as an orange oleaginous substance.
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IH-NMR (6): 0.86 (t, J=6 Hz, 3H), 1.00-1.50 (m,
14H), 1.94 (q, J=2 Hz, 3H), 2.00-2.20 (m, 2H),
3.50-3.80 (m, 8H), 3.96 (s, 3H), 3.98 (s, 3H), 5.88 (bs,
1H). |
Compound Nos. 238 to 245 were prepared in the §
same manner as that of Example 6.

EXAMPLE 7

N-{(E)-3-[5-(6-Methyl-1-methoxymethyloxy-2,3,4-
trimethoxy)pehnyl]-2-benzyl-2-propenoyl]-N'-methyl- 10
piperazine

OMOM

15

20

1.0 g of (E)-3-[5-(6-methyl-1-methoxymethyloxy-
2,3,4-trimethoxy)phenyl]-2-benzyl-2-propenoic  acid ¢
prepared in the same manner as that of Examples 1 and
2 and 1.0 m] of triethylamine were dissolved in 20 mi of

THF, and 0.50 ml of diethylphosphonic acid chloride
- was dropwise added thereto and cooled by ice while
stirring. After the mixture was stirred at room tempera- 4,
ture for 30 min, 1.0 ml of N-methylpiperazine was
added thereto, and the mixture was stirred for 2 hr.
Water was added to the reaction mixture, and the result-
ing mixture was extracted with ethyl acetate. The or-
ganic phase was washed with water and dried over
anhydrous magnesium sulfate. The solvent was distilled
off, and the residue was purified by silica gel column
chromatography (eluent; chloroform : ethanocl=95 : 5)
to prepare 0.92 g of the product compound as a color-
less oleaginous substance.

TH-NMR (6): 1.70-2.30 (m, 4H), 2.12 (s, 3H), 2.14 (s,
3H), 3.44 (s, 2H), 3.30-3.60 m, 4H), 3.56 (s, 3H), 3.72 (s,
3H), 3.92 (s, 3H), 3.94 (s, 3H), 5.04 (s, 2H), 6.16 (s, 1H),
6.96-7.20 (m, SH).

35

40

EXAMPLE 8 45
N-[(E)-3-[5-(1-Hydroxy-6-methyl-2,3,4-trimethoxy)-
phenyl}-2-benzyl-2-propenoyl}-N'-methylpiperazine

hydrochloride

50
55
60

HC]

092 g of N-[(E)-3-[5-(6-methyl-1-methoxyme-
thyloxy-2,3,4-trimethoxy)phenyl]-2-benzyl-2- |
propenoyl]-N'-methylpiperazine prepared in Example 7 65
was dissolved in 10 ml of acetone and 2 ml of 6 N hy-
drochloric acid, and the resultant solution was stirred at
70° C. for 30 min. The solvent was distilled off in vacuo,

32

and water was distilled off as an azeotrope with toluene
to prepare 0.91 g of the product compound as a color-
less amorphous substance. |

IH-NMR (5): 2.04 (s, 3H), 2.70 (s, 3H), 3.00-3.30 (m,
4H), 3.30-3.60 (m, 4H), 3.36 (s, 2H), 3.69 (s, 3H), 3.84 (s,
3H), 3.88 (s, 3H), 6.36 (s, 1H), 6.90-7.30 (m, SH).

EXAMPLE 9

(E)-3-[5-(2,3-Dimethoxy-6-methyl-1,4-benzoquinoyl)]-
2-(3-methylsulfoxyl)propyl-2-propenoic acid

O

MeO CH3

| [
Me(?) S=—CHj;

COsH

1.8 g of (E)-3-[5-(2,3-dimethoxy-6-methyl-1,4-ben-
zoquinoyl)]-2-(3-methylsulfinyl)propyl-2-propenoic
acid (compound No. 183) prepared in the same manner
as that of Examples 1 to 4 was dissolved in 50 ml of
dichloromethane. The resultant solution was cooled to

- =30° C,, and 1.0 g of m-chloroperbenzoic acid was

added thereto in small portions while stirring. The mix-
ture was stirred at - 30° C. for an additional 30 min, and
water was added thereto. The organic phase was
washed with water and then dried over anhydrous mag-
nesium sulfate. The solvent was distilled off, and the
residue was purified by silica gel column chromatogra-
phy (eluent; cihloromethane : methanol=9%0 : 10) to
prepare 1.5 g of the product compound as an orange
solid. |

TH-NMR (): 1.60-1.85 (m, 2H), 194 (s, 3H),
1.90-2.60 (m, 4H), 2.56 (s, 3H), 3.92 (s, 3H), 3.96 (s, 3H),
7.10 (s, 1H).

EXAMPLE 10

(E)-3-[5-(3-Ethoxy-2-methoxy-6-methyl-1,4-
hydroquinoyl)]-2-cyclohexylmethyl-2-propenoic acid

OH

- MeO CH;

EtO

OH
CO2H

1.0 g of (E)-3-[5-(3-ethoxy-2-methoxy-6-methyl-1,4-
benzoquinoyl)]-2-cyclohexylmethyl-2-propenoic  acid
(compound No. 159) prepared in the same manner as
that of Examples 1 to 4 was dissovled in 50 ml of ethyl
acetate, and 10 g of sodium hydrosulfite in 100 mi of
water was added thereto. The mixture was transferred
to a separatory funnel and vigorously shaken. Phase
separation was conducted when a red organic phase
turned colorless. The organic phase was washed with
water and dried over anhydrous magnesium sulfate.
The solvent was distilled off to prepare 1.0 g of the
product compound as a white solid. |

IH-NMR (6): 0.40-1.86 (m, 11H), 1.38 (t, J=7 Hz,
3H), 2.08 (s, 3H), 2.01-2.17 (m, 2H), 3.86 (s, 3H), 4.06 (q,
J=7 Hz, 2H), 7.56 (s, 1H).
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Compounds No. 125 to 128 were prepared in the
same manner as that of Example 10.

EXAMPLE 11

Ethyl
(E)-3-[5-(3-ethoxy-2-methoxy-6-methyl-1,4-ben-
zoquinoyl)]-2-cyclohexylmethyl-2-propenoate

5

O

MO 10

EtO

15

CO,Et

2.0 g of ethyl (E)-3-[5-(2,4-dimethoxy-3-ethoxy-1-
methoxymethyloxy-6-methyl)phenyl}-2-cyclohexyl-
methyl-2-propenoate (compound No. 123) prepared in
the same manner as that of Example 1 was dissovled in
50 m] of ethyl acetate, and 20 g of ferric chloride hexa-

hydrate was added thereto. After the mixture was
stirred at room temperature for 10 hr, 100 ml of ethyl
‘acetate and 100 ml of water were added thereto, and the
organic phase was washed with water and dried over
anhydrous magnesium sulfate. The solvent was distilied
off, and the residue was purified by silica gel column
chromatography (eluent; n-hexane : ethyl acetate=9 :
1) to prepare 1.4 g of the product compound as an
orange oleaginous substance.

IH-NMR (8): 0.51-1.83 (m, 11H), 1.33 (t, J=7 Hz,
3H), 1.37 (t, J=7 Hz, 3H), 193 (d, J=2 Hz, 3H),
1.91-2.07 (m, 2H), 4.04 (s, 3H), 4.20 (q, J=7 Hz, 2H),
4.23 (g, J=7 Hz, 2H), 7.17 (bs, 1H). | |

Compound No. 246 was prepared in the same manner
as that of Example 11.

EXAMPLE 12 .

(E)-3-[5-|(1,4—Diacetoxy-3-ethoxy-2-methoxy-6-methy1)_-
phenyl]-2-cyclohexylmethyl-2-propenoic acid
(compound No. 145)

20

25

30

35

435

1.0 g of (E)-3-[5-(3-ethoxy-2-methoxy-6-methyl-1,4-
hydroquinoyl)]-2-cyclohexylmethyl-2-propenoic  acid
prepared in Example 10 was dissolved in 10 ml of pyri-
dine, and 2 ml of acetic anhydride was added thereto.
After the mixture was stirred at room temperature for 1
hr, ice water was added thereto, and the mixture was -
~ stirred for 30 min, weakly acidified with 6 N hydrochlo-
ric acid and extracted with ethyl acetate. The extract
was washed with water and dried over anhydrous mag-
nesium sulfate. The solvent was distilled off, and the
residue was purified by silica gel column chromatogra-
phy (eluent; chloroform : ethanol =95 : 5) to prepare 1.2
g of the product compound as a light yellow amorphous
substance. |

IH-NMR (5): 0.40-1.86 (m, 11H), 1.31 (t, J=7 Hz,
3H), 1.98 (s, 3H), 2.01-2.17 (m, 2H), 2.23 (s, 3H), 2.34 (s,
'3H), 3.86 (s, 3H), 4.04 (g, J=7 Hz, 2H), 7.39 (bs, 1H)

55
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Compound No. 129 was prepared in the same manner
“as that of Example 12. |

EXAMPLE 13

Ethyl
(2)-3-[5-(6-methyl-1-methoxymethyloxy-2,3,4-trime-
thoxy)phenyl]-2-phenyl-2-propenoate |

0.69 9 of sodium hydride (60% oil suspension) was
suspended in 15 ml of DMF, and 7.0 9 of ethyl diethyl-
phosphono-2-phenylacetate - was dropwise added

“thereto at room temperature. After the reaction mixture

became homogeneous, 3.15 g of 5-methoxymethyloxy-
6-methyl-2,3,4-trimethoxybenzaldehyde  (compound
No. (1)) was dropwise added thereto at room tempera-
ture, and the reaction was allowed to proceed at 150° C.

- for 5 hr. The reaction mixture was poured into ice water

and extracted with ethyl acetate. The organic phase was
washed with water and dried over anhydrous magne-
sium sulfate, and the solvent was distilled off. The resi-
due was purified by silica gel column chromatography
(eluent; n-hexane : ethy! acetate=90 : 10), thereby ob-
taining first 1.8 g of the E isomer and then 1.0 g of the
intended Z isomer as a colorless oil. |

IN-NMR (8): 1.00 (t, J=7.5 Hz, 3H), 2.17 (s, 3H),
3.56 (s, 3H), 3.69 (s, 3H), 3.86 (s, 6H), 4.06 (q, J=7.5 Hz,
2H), 5.01 (s, 2H), 6.86 (s, 1H), 7.11-7.53 (m, SH)

EXAMPLE 14

(Z)-3-[5-(1-Hydroxy-6-methyl-2,3,4-trimethoxy)-
phenyl]-2-phenyl-2-propenoic acid

1 g of ethyl (6-methyl-1-methoxymethyloxy-2,3,4-

~ trimethoxy)phenyl]-2-phenyl-2-propenoate prepared in

Example 13 was hydrolyzed with sodium hydroxide in
the same manner as that of Example 2 and then deme-
thoxymethylated in acetone/6 N hydrochloric acid in
the same manner as that of Example 3 to prepare 0.5 g

- of the product compound as a white solid.

IN-NMR (8): 2.14 (s, 3H), 3.70 (s, 3H), 3.85 (s, 3H),
3.96 (s, 3H), 6.90 (s, 1H), 7.17-7.57 (m, SH).

EXAMPLE 15

Compounds listed in the following Tables 4 and 5
were prepared according to the methods described in
Examples 1 to 14. |

Hydroquinone compounds (compound No. 1 to 129)
and quinone compounds (compound No. 130:to 246) are
listed in Tables 4 and 5, respectively. |
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We claim:
1. A quinone derivative represented by the following
general formula and pharmacologically acceptable salts

thereof:

RS

Rl
: ' 10

R4 CH=C—COR?

O

wherein R! is an alkyl group having 2 to 20 carbon
atoms, a cycloalkyl group, a cycloalkylalkyl group, an
alkenyl group, an alkynyl group, an arylalkyl group, a
group represented by the formula —(—CH2~—~),—CN,
p being an integer of 1 to 10, a morpholine group, a
piperazine group, a thiotolene group, a methyltetrahy-
dropyran group, a methylthiazole group, a piperidine 20
~ group or a 2-aminothiazole group, a group represented
by the formula —(—CH;—),~B, q being an integer of

1 to 6 and B being a group of the formula

15

((':I))r 2
_S....R'?

with r being 0, 1 or 2 and R7 being a lower alkyl group,
a cycloalkyl group or an aryl group, a group repre-
‘sented by the formula —O—R!1, Rl being a lower
alkyl group or an aryl group, or a group represented by
the formula —(—CH>;—CH;—0—)—CH3, s being an
integer of 1 to 3; R2 is a group represented by the
—ORS, R8 being a hydrogen atom or a lower alkyl
group, or a group represented by the formula

30

35

RY and R10being the same or different from each other
and each being a hydrogen atom, a lower alkyl group, a
hydroxyalkyl group, a morpholine group, a piperazine
group, a thiotolene group, a methyltetrahydropyran
group, a methylthiazole group, a piperidine group or a
.2-amino thiazole group, or R and R1? may combine
with each other to form a heterocyclic group with the
adjacent nitrogen atom, said heterocyclic group option-
ally being substituted; and R3, R#and R’ are the same or
different from each other and each are a hydrogen
atom, a lower alkyl group or a lower alkoxy group.

2. A quinone derivative and pharmacologically ac-
- ceptable salts thereof according to claim 1, wherein R!
is an alkyl group having 2 to 20 carbon atoms.

3. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 4, wherein R2is a
hydroxyl group.

4. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 1, wherein Rlis an
alkyl group having 2 to 12 carbon atoms and RZis a
hydroxyl group.

5. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 1, wherein R!is an
alkyl group having 7 to 12 carbon atoms and R2is a
hydroxyl group. | -

45
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6. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 1, wherein Rlis a
nonyl group.

1. A quinone derivative or pharmacolaglcally accept-

able salts thereof according to claim 1, wherein Rlis a

nonyl group and R2is a hydroxyl group.

8. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 1, wherein Rlis a
3-methylbutyl group. |

9. A quinone derivative or pharmacologically accept-
able salts thereof according to claim 1, wherein Rlis a
cycloalkyl group

10. A quinone derivative or pharmacologically ac-

ceptable salts thereof according to claim 1, wherein the

cycloalkylalkyl group is a cyclohexylmethyl group.

-11. A quinone derivative or pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R3,
R%and R’ are each independently a lower alkyl group
or a lower alkoxy group.

12. A quinone derivative or pharmacologwally ac-
ceptable salts thereof according to claim 1, wherein R3
and R4 are each a lower alkoxy group and R’ is a lower
alkyl group.

13. A quinone derivative or pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R3
and R4 are each a methoxy group and R5 is a methyl
group. | |

14. A quinone derivative or pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R3
and R4 are each a methoxy group, R- is a methyl group,

‘Rlis a nonyl group and R2 is a hydroxyl group.

15. A quinone derivative or pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R3,
R4 and RS are each a methoxy group, R? is a hydroxyl
group and R!is a 3-methylbutyl group.

'16. A quinone derivative or pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R3
is a methoxy group, R4 is an ethoxy group, R is a
methyl group, R! is a 3-methylbutyl group and R?is a
hydroxyl group. N

17. A quinone derivative or pharmacologically ac-
ceptable salts thereof accordmg to claim 1, wherein R3
is a methoxy group, R* is an ethoxy group, R’ is a
methyl group, R!is a cyclohexylmethyl group and R2is
a hydroxyl group. |

18. A pharmacological composition which comprises

~ a pharmacologically effective amount of the quinone

derivative or a salt thereof as defined in claim 1, and a
pharmacologically acceptable carrier.

19. A method for preventing and treating hepatlc
diseases comprising administering a pharmacologically

effective amount of the quinone derivative or a salt

thereof as defined in claim 1, to a human patient.
20. A quinone derivative and pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R2

21. A quinone derivative and pharmacologically ac-

ceptable salts thereof according to claim 20, wherein

R9and R10combine with each other to form a heterocy-
clic group with the adjacent nitrogen atom.
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22. A quinone derivative and pharmacologically ac-
ceptable salts thereof according to claim 1, wherein R1 'IEI)
is --CHp)-B. | R3 RS

23. A quinone derivative and pharmacologically ac- Rl
ceptable salts thereof according to claim 1, wherein R ] N )
is -CHp:-CN. , R - CHECTCORT

24. A quinone derivative and pharmacologically ac- O
F;eptable salts thereof according to ?laim 1, wherein R1 o wherein R! is —(—CHz—)s—CH, R2is selected from
is selected from the group consisting of a cycloalkyl the group consisting of
group, a cycloalkylalkyl group, an alkenyl group, an
alkynyl group, an arylalkyl group, a group represented

by the formula -CH;)-CN, a group represented by the
formula <-CHg. B, a group represented by the formula (5 —N : -—bll OMe and
—Q0O-—-R11 and a group represented by the formula II_I H |

+CH,—CH;0)-CHs.

25. A quinone derivative and pharmacologically ac- N '
ceptable salts thereof according to claim 1, wherein R? wy —N—4 ,
is —OR&. Ili S

26. A quinone derivative represented by the follow-

ing general formula and pharmacologically acceptable  Rj3 is —CH,0OH, R4 is —CH,OH and RS is —CHs.
salts thereof: | * x % % x
25
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It is certified that esvor appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

On the title page, in the title [54) and col. 1, line 1,
change "OQUINONE" to -~-~-QUINONE---.

Column 101, line 59; change "claim 4," to ---claim 2,---.

Column 103, 1line 15; the formula should read

--- ~~CHz)<B---.
Signed and Sealed this
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